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ABSTRACT 



A semiconductor process and structure (32) uses a dispos- 
able sidewall spacer (42) associated with lightly doped drain 
(LDD) transistors. The disposable sidewall spacers are effi- 
ciently removed by a gaseous fluorine ambient. Either 
molecular or atomic fluorine gas is used to remove a silicon 
germanium sidewall spacer with high selectivity to exposed 
insulating layers. This etch process is also isotropic. An 
additional benefit of using a gaseous fluorine ambient is 
incorporation of fluorine in isolation regions (48) surround- 
ing the transistors, thereby reducing the dielectric constant. 
Improved insulating properties of the isolations regions can 
allow increased integration. 

17 Claims, 2 Drawing Sheets 
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SEMICONDUCTOR PROCESS FOR sirably modifying the electrical parameters of the transistors. 

DISPOSABLE SIDEWALL SPACERS In addition to high selectivity, another important character- 
istic in the etching of sidewall spacers is that the etching 

CROSS REFERENCE TO RELATED should be isotropic (i.e. the etchant rate is essentially the 

APPLICATIONS 5 same in all directions). An isotropic etchant allows more 

rt _ , .. rapid removal of the spacers that typically have a high aspect 

Phis application is related to copending U.S. application . d h easily removed with an anisotropic 

Ser. No. 10/339,062, entitled "Method of Making A Semi- y F 

conductor Device Using A Pellicle That is Transparent At " . .,...,..-.„ 

Short Wavelengths" filed on Jan. 9, 2003 and assigned to the ,„ 0ne can >mprove the selectivity by changing the sidewall 

assignee herein- and spacer material to silicon germanium as taught in U.S. Pat. 

Jf , - • „ v, ,j No. 6,121,093 by Cheng et al. entitled "Method of Making 

Copending U.S^ application Ser. No. 10/631,283, entitled ^ elrical Transistor Structures". Cheng et al. teach a 

"Semiconductor Device And Method For Ehmmation Of we , etch chemis for selectjvd removj si|icon 

Res.st Linewmth Slimming By Flounnation . mum A we , e(ch chemistry) although does not 

FIELD OF THE INVENTION 15 e£LS ^y permit a single wafer process because modifications 

to the etchant to refresh the chemistry are typically needed 

This invention relates to semiconductors, and more par- after each or several wafers are processed. Additionally, 

ticularly to transistors that use sidewall spacers. liquid etchants present an environmental issue and must be 

safely stored and disposed of, thereby resulting in significant 

RELATED ART 20 manufacturing costs. 

In conventional CMOS semiconductor processing, tran- DESCRIPTION OF THE DRAWINGS 
sistors known as lightly doped dram (LDD) transistors have 

been utilized for many years. LDD transistors function to The present invention is illustrated by way of example 

enhance the control of electrical conduction of the transistor ^ and not limited by the accompanying figures, in which like 

by using source and drain regions removed from a gate references indicate similar elements, and in which: 

channel region. These LDDs or "extensions to the source p IG x in ustrat es in cross-sectional form a conventional 

and drain regions" are substantially aligned to the transis- transistor sidewall spacer structure; 

tor's gate edge. These extensions are diffused regions like n „, - ... . . . r . 

. 6 . • . . . J\j FIG. 2 illustrates in cross-sectional form the conventional 

the source and drain regions, but are implemented with a . . , . , „ A , . . ™ n t M . 

• • • . . . tI _ A A . 30 transistor sidewall spacer structure of FIG. 1 after removal 

lower energy and with a lower implant dose so that the ~ . , 

j , l . , of sidewall spacers; 
extensions do not extend into the substrate as much as the 

source and drain. Conventional processing to form LDD FIG 3 illustrates in cross-sectional form a transistor 

transistors includes implanting the extensions followed by a structure with disposable sidewall spacers in accordance 

spacer formation. The source and drain are then implanted Wlth the P resent invention; 

into the substrate and annealed. Thus the extension implants FIGS. 4 and 5 illustrate in cross-sectional form processing 

are exposed to the same temperature cycling required for the of the transistor structure of FIG. 3 after removal of dispos- 

spacer deposition and the source and drain annealing. able sidewall spacers; and 

In contrast, LDD transistors may also be formed by using FIG. 6 illustrates in cross-sectional form a completed 

disposable sidewall spacers. An advantage of the use of 40 transistor structure in accordance with the present invention, 

disposable sidewall spacers is the avoidance of the thermal Skilled artisans appreciate that elements in the figures are 

processes required to form the spacer, and activate the illustrated for simplicity and clarity and have not necessarily 

source/drain implants. As a result, a very abrupt junction been drawn to scale. For example, the dimensions of some 

interface between the channel and source/drain may be of the elements in the figures may be exaggerated relative to 

created. A well-defined junction interface minimizes resis- 45 other elements to help improve the understanding of the 

lance of the transistor. embodiments of the present invention. 

A disadvantage with known processes used to remove 

sidewall spacers is the fact tbat a portion of the sidewall DETAILED DESCRIPTION OF THE DRAWINGS 

spacer is often left and modifies the transistor's electrical Illustrated in FIG. 1 is a conventional lightly doped drain 

characteristics. The portion of the sidewall spacer that is 50 (LDD) transistor 10. Within a substrate 12 are a source 

typically left adjacent a gate electrode is commonly referred diffusion 14 and a drain diffusion 16. Overlying the substrate 

to as a "stringer". is a thin gate oxide 18 and overlying the thin gate oxide 18 

If the etch process is performed long enough to assure that is a gate electrode 20. An insulating layer 22 is formed 

all of the sidewall spacer is removed, the additional etching overlying the remaining exposed portion of substrate 12 and 

typically also negatively modifies other layers of the 55 overlying the source diffusion 14 and the drain diffusion 16. 

transistor, such as insulating layers, or even the source/drain Formed adjacent the gate electrode 20 and in contact with 

region itself. The ratio of the removal rate of the sidewall the insulating layer 22 is a sidewall spacer 24. The sidewall 

spacer as compared to the removal rate of other layers is a spacer 24 is used for alignment in the placement of the 

critical figure of merit and represents the selectivity of an source diffusion 14 and the drain diffusion 16. Sidewall 

etchant. Various etchants have been proposed in addition to 60 spacer 24 therefore functions as a standoff from the transis- 

various sidewall spacer materials, in order to improve the tor channel region underlying the gate electrode 20. If the 

selectivity. For example, nitrides are often used as a sidewall source diffusion 14 and drain diffusion 16 were immediately 

spacer material. However, various known nitride etchants adjacent the edge of the gate electrode 20, the depth of the 

are not very selective and will commonly etch completely diffusions would allow undesired migration of electrons 

through the insulating layers before all of the sidewall spacer 65 significantly below the bottom surface of the gate electrode 

can be removed. To avoid significantly modifying the insu- 20 and thereby unintentionally modify the electrical param- 

lating layers, sidewall stringers must be left, thereby unde- eters of the transistors. Therefore drain and source shallower 
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extensions from drain diffusion 16 and source diffusion 14 and the insulating layer. The atomic fluorine gas has a same 

are created. In order to create these extensions, the side wall probability that it will move in any direction as illustrated in 

spacer 24 must be removed. FIG. 3. Therefore, the etch process is occurring at a same 

Illustrated in FIG. 2 is a conventional LDD transistor etch rate in all directions. This property is responsible for the 

structure after removal of a disposable sidewall spacer. 5 isotropic etching and this is a very important feature in the 

Transistor 10 has sidewall spacer 24 removed, but there is a complete and selective removal of sidewall spacer 42. 

residual spacer 30. Additionally, insulating layer 26 on the Illustrated in FIG. 4 is a cross-section of transistor 32 after 

left of the gate electrode 20 has been significantly etched and removal of sidewall spacer 42 by using atomic fluorine to 

in an uneven manner. Further, insulating layer 28 on the react ^ib the silicon germanium sidewall spacer 42. An 

right of the gate electrode 20 is etched and is very non- 10 additional benefit is achieved as a result of the removal of 

planar. As a result, any structure formed overlying insulating sidewall spacer 42. In particular, the isolation region 48 now 

layer 26 and insulating layer 28 may possibly make contact contains fluorine. A common material used to implement 

all the way through the insulating layers 26 and 28. isolation region 48 is an oxide layer, such as TEOS oxide or 

Additionally, should source and drain extensions be formed plasma oxide. The atomic fluorine reacts with the oxide to 

within the transistor 10, the presence of residual spacer 30 15 f orm a fluorine-doped oxide that results in reducing the 

will block the extension from drain diffusion 16 from dielectric constant. A reduced dielectric constant results in 

extending all the way to the vertical edge of insulating layer improved insulating characteristics thereby improving the 

28- insulation between transistors within substrate 34. As a 

Illustrated in FIG. 3 is a cross-section of a transistor 32 in result, the width of the isolation region may be reduced and 

accordance with one form of the present invention. A 20 the packing density of the integrated circuit is improved. In 

substrate 34 has an isolation region 48 that surrounds and otner words, less distance between electrically isolated 

isolates transistor 32 from other devices formed within devices is required. 

substrate 34. The isolation region 48 surrounds transistor 32 illustrated in FIG. 5 is a cross-section of transistor 32 after 

and therefore from a cross-sectional view has a left compo- drain and source extensions have been created ^Ih lighUy 

nent and a right component. Transistor 32 has a gate 25 dope d diffusions 52 and 54. The lightly doped diffusions 52 

insulator 36 that is typically a thin oxide layer. A control and M m typically formed by an implanl . Mtct activation 

electrode or gate 38 overlies the gate insulator 36. Adjacent b a thermal annealf the diffus i 0 n 44 and lightly 

the vertical sides of the gate 38 and overlying the substrate d d &lSusioQ s2 is a continuous region. Similarly, after 

34 and extending to the isolation region 48 is an insulating aclivation by a (hermal annealj the drain diffusion 46 and 

layer 40. A sidewall spacer 42 is formed adjacent the gate 38 30 h M doped ^ SaskiQ 54 fe a continuous region. Further, 

and in direct contact with insulating layer 40. Within the since ^ sidewaU spacef 42 has beeQ completely removed 

substrate 34 is formed a source diffusion 44 and a drain with ^ti^y, lhe insu lating layers 36 and 40 in FIG. 5 are 

diffusion 46 which are aligned to an outer edge of sidewall no( degraded from tne size and shape in which ^ were 

spacer 42. Up to this point in the discussion, the structure of originally formed 

transistor 32 is conventional for a disposable spacer process. 35 _„ c . 4 , c 

, c - j / .,. Illustrated in FIG. 6 is a cross-section of a completed form 

In one form, sidewall spacer 42 is composed of silicon c M ™ , - 1 * . . j • a a 

A.u c c j 11 a** 1 of transistor 32. Electrical contact to source diffusion 44, 

germanium. Other forms of sidewall spacer 42 may also use , . c j *• 1 u 

polysilicon rather than silicon germanium. Also/although dram dlffusion 4 e 6 0 a ^ ^ « «■"* ^ «fP«*ve.y by 

less beneficial, a silicon nitride sidewall spacer may also be conductive v.as 58, 60 and 62 formed through an insulator 

used herein. It is desired that sidewall spacer 42 be removed 40 " th »* *• mone io ™' ^rmMy deposited over transistor 

tofacihtatethesubsequentformationofextensionsofsource 32 v a » d respectively connecting to a sdicide layer 57, a 

diffusion 44 and drain diffusion 46 toward the channel Slhade la y? r 59 and a Slhc,de e ^ 61 F ° r **>*<Pe" 

, t . t -to wi l j * i _ «u i r operation, the conductive via 58 is connected to a positive 

region underlying gate 38. We have discovered a method of F , \ _ _ , , . „ . ... 

& . ./ ,| A - a supply voltage V~„, the conductive via 60 is connected to 

removing sidewall spacer 42 using a gaseous fluorine envi- j & dd-> . „ . 

ronment that is very selective and isotropic. In other words, 45 a bias voltage and the conductive via 62 is connected 

sidewall spacer 42 is removed without also etching other t0 a V™* reference volta S e termiaal 

exposed surfaces such as gate 38 or insulating layers 36 and Bv D0W lt SDOuld be appreciated that there has been 

40 in a negative manner. Transistor 32 is exposed to a F2 provided a process for removing transistor sidewall spacers 

(molecular fluorine) or an F (atomic fluorine) ambient. that has a high degree of selectivity and a semiconductor 

Molecular fluorine is commercially available in a range of 50 having improved transistor isolation regions containing 

concentrations suitable for this application. One way to fluorine to increase the dielectric constant and insulating 

generate the atomic fluorine gas is to use a downstream etch. properties. The improved insulation characteristics are 

A convenient way to generate atomic fluorine gas is to achieved with a same step used to effectively completely 

dissociate a fluorine-containing gas like NF 3 (nitrogen remove disposable sidewall spacers. By effectively remov- 

trifluoride), F. (molecular fluorine) or XeF 2 (xenon 55 ing disposable sidewall spacers without leaving any residual 

difluoride) in a discharge plasma and carry the atomic sidewall material, an abrupt or well-defined gate channel 

fluorine to an adjoining chamber with the wafer using an region and source/drain regions are provided. Additionally, 

inert gas such as N 2 (nitrogen), He (helium) or Ar (argon). no ^ damage to the gate oxide 56 occurs unlike less 

The adjoining chamber is downstream from the chamber selective conventional sidewall removal processes. Further, 

used to dissociate the fluorine-containing gas. Therefore, in 60 the isolation regions containing fluorine minimize the size of 

FIG. 3, transistor 32 is exposed to atomic fluorine rather than integrated circuits by using isolation regions' of smaller 

molecular or ionic fluorine. Atomic fluorine reacts prefer- width. 

entially with silicon germanium while it does not react with In one form there has been disclosed a method of forming 

the silicon dioxide insulating layers achieving selectivity a semiconductor structure in which a substrate is provided 

from anywhere in a range of substantially 50 to 1 up to over 65 and a control electrode is formed overlying the substrate. 

1,000 to 1 depending upon pressure and temperature con- The control electrode includes a sidewall. An insulating 

ditions as well as the compositions of the sidewall spacer layer is formed that is adjacent to the control electrode and 
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overlying the substrate. A sidewall spacer is formed around la ting layer which is adjacent to the sidewall of the control 
the sidewall of the control electrode and in contact with the electrode and the substrate. A current electrode diffusion 
insulating layer. A current electrode diffusion region is region portion is substantially aligned to the control elcc- 
formed in the substrate substantially aligned to said sidewall trode. An isolating region surrounds the semiconductor 
spacer. The semiconductor structure is exposed to a gaseous 5 structure, said isolating region being a dielectric that con- 
fluorine ambient to substantially remove said sidewall tains fluorine. There has also been disclosed a structure 
spacer. An extension region to said current electrode diffu- having at least a first and a second semiconductor structure 
sion region is formed in the substrate, the extension region which are laterally adjacent. A dielectric region laterally 
being substantially aligned to the control electrode. In one isolates the first semiconductor structure from the second 
form the insulating layer is an oxide layer. In one form the 10 semiconductor structure. The dielectric region contains fluo- 
sidewall spacer is one of silicon, silicon germanium, or rine. At least the first semiconductor structure further 
germanium. In one form the gaseous fluorine ambient is includes a control electrode overlying said substrate, the 
molecular fluorine and in another form the gaseous fluorine control electrode including a sidewall. An insulating layer is 
ambient is atomic fluorine. In one form the atomic fluorine adjacent to the sidewall of the control electrode and at least 
is generated from a plasma. In one form the plasma is 15 a portion of the substrate. A sidewall spacer is adjacent to the 
nitrogen trifluoride, xenon difluoride or molecular fluorine. insulating layer which is adjacent to the control electrode 
In another form the semiconductor structure is exposed to and the insulating layer which is adjacent to the substrate. A 
the gaseous fluorine ambient to substantially remove said current electrode diffusion region in said substrate is sub- 
sidewall spacer without substantially modifying said insu- stantially aligned to the sidewall spacer, 
lating layer. In another form the sidewall spacer is etched 20 j n the foregoing specification, the invention has been 
with the gaseous fluorine ambient selective to the insulating described with reference to specific embodiments. However, 
layer. In another form the sidewall spacer is etched with the one of ordinary skill in the art appreciates that various 
gaseous fluorine ambient selective to said insulating layer by modifications and changes can be made without departing 
a factor of at least fifty to one. In another form the semi- from the scope of the present invention as set forth in the 
conductor structure is surrounded with a dielectric isolation 25 claims below. For example, various materials may be used 
region. In another form the semiconductor structure is for the substrate and insulating layers. Additionally, it should 
exposed to the gaseous fluorine ambient to substantially be understood that for some semiconductor devices there is 
remove the sidewall spacer and to introduce fluorine into the no need to use a dielectric layer between the substrate and 
dielectric isolation region. In another form the dielectric the gate electrode. Various" dopant concentrations, tempera- 
isolation region is exposed to a gas to improve the insulating 30 t ur e and pressure ranges may be used depending upon the 
characteristics of said dielectric isolation region. In yet particular process that the removable sidewall spacer steps 
another form there has been taught a method of forming a described herein are used. 

semiconductor structure by providing a substrate and form- Accordingly, the specification and figures are to be 
ing a control electrode overlying the substrate. The control regarded in an illustrative rather than a restrictive sense, and 
electrode includes a sidewall. An insulating layer is formed 35 all such modifications are intended to be included within the 
adjacent to the control electrode and overlying said sub- of tne present invention. Benefits, other advantages, 
strate. A sidewall spacer is formed around the sidewall of the and solutions to problems have been described above with 
control electrode and in contact with the insulating layer. A regard t0 speci fi c embodiments. However, the benefits, 
current electrode diffusion region is formed in the substrate advantages, solutions to problems, and any element(s) that 
substantially aligned to said sidewall spacer. The semicon- 40 may cause any benefit, advantage, or solution to occur or 
ductor structure is laterally isolated with a dielectric region. become more pronounced are not to be construed as a 
The semiconductor structure is exposed to a gaseous fluorine critical, required, or essential feature or element of any or all 
ambient to substantially remove the sidewall spacer and to tQe c i a j ms . As used herein, the terms "comprises," 
add fluorine to the dielectric region. An extension region to "comprising," or any other variation thereof, are intended to 
said current electrode diffusion region is formed in the 45 cover a non . eX clusive inclusion, such that a process, 
substrate. The extension region is substantially aligned to the method, article, or apparatus that comprises a list of de- 
control electrode. In another form the isolating region is an mcnls docs not include only those elements but may include 
oxide layer. In another form the gaseous fluorine ambient is other elements not expressly listed or inherent to such 
molecular fluorine. In another form the gaseous fluorine pr0 cess, method, article, or apparatus, 
ambient is atomic fluorine. In another form the atomic 50 What is claimed is: 

fluorine is generated from plasma. In another form the 1. A method of forming a semiconductor structure com- 

plasma is at least one of nitrogen trifluoride, xenon difluo- prising: 

ride or molecular fluorine. In another form the isolating providing a substrate; 

region is an oxide layer. In yet another form a method of K . , , ' , , • -j 

forming a semiconductor structure includes providing at 55 formin S a c ? Dtro1 f c ? lr ° d ° ^ overlaying said substrate, said 

least two semiconductor structures. The at least two semi- contro1 electrode mcludm 8 a s,dewall; 

conductor structures are laterally isolated with a dielectric forming an insulating layer that is adjacent to said control 

region. The at least two semiconductor structures including electrode and overlaying said substrate; 

said dielectric region arc exposed to a gaseous fluorine forming a silicon germanium sidewall spacer around said 

ambient. A first semiconductor structure and a second semi- 60 sidewall of said control electrode and in contact with 

conductor structure of the at least two semiconductor struc- sa id insulating layer; 

tures are laterally adjacent. In another form a semiconductor forming a current electrode diffusion region in said sub- 
structure has a substrate having an overlying dielectric layer. strate substantially aligned to said silicon germanium 
A control electrode overlies the substrate, and the control sidewall spacer; 

electrode includes a sidewall. An insulating layer is adjacent 65 exposing the semiconductor structure to atomic or 

to the sidewall of the control electrode and at least a portion molecular fluorine to substantially remove said silicon 

of the substrate. A sidewall spacer is adjacent to the insu- germanium sidewall spacer; and 
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forming an extension region to said current electrode 
diffusion region in said substrate, said extension region 
substantially aligned to said control electrode. 

2. The method of claim 1, further comprising implement- . 
ing said insulating layer as an oxide layer. 5 

3. The method of claim 1, further comprising generating 
said atomic or molecular fluorine from a plasma. 

4. The method of claim 3, further comprising implement- 
ing said plasma from at least one of nitrogen trifluoride, 
xenon difluoride or molecular fluorine. 10 

5. The method of claim 1, further comprising: 
exposing the semiconductor structure to said atomic or 

molecular fluorine to substantially move said sidewall 
spacer without substantially modifying said insulating 
layer. 15 

6. The method of claim 1, further comprising: 
etching said sidewall spacer with said atomic or molecular 

fluorine selective to said insulating layer. 

7. The method of claim 1, further comprising: ^ 
etching said silicon germanium sidewall spacer with said 

atomic or molecular fluorine selective to said insulating 
layer by a factor of at least fifty to one. 

8. The method of claim 1, further comprising: 
surrounding the semiconductor structure with a dielectric 2 s 

isolation region. 

9. The method of claim 8, further comprising: 
exposing the semiconductor structure to said atomic or 

molecular fluorine to substantially remove said silicon 
germanium sidewall spacer and to introduce fluorine 30 
into said dielectric isolation region. 

10. The method of claim 8, further comprising: 
exposing said dielectric isolation region to a gas to 

improve insulating characteristics of said dielectric 
isolation region. 35 

11. A method of forming a semiconductor structure com- 
prising: 

providing a substrate; 

introducing a dielectric region within the substrate to 4Q 
laterally electrically isolate the semiconductor struc- 
ture; 

forming a thin control electrode oxide overlying the 
substrate; 

forming a control electrode overlying said thin control 45 
electrode oxide, said control electrode including a 
sidewall; 
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forming an insulating layer that Is adjacent to said control 
electrode and overlying said substrate; 

forming a silicon germanium sidewall spacer around said 
sidewall of said control electrode and in contact with 
said insulating layer; 

forming a current electrode diffusion region in said sub- 
strate substantially aligned to said silicon germanium 
sidewall spacer; 

exposing the semiconductor structure to atomic or 
molecular fluorine to substantially remove said silicon 
germanium sidewall spacer and to add fluorine to said 
dielectric region; and 

forming an extension region to said current electrode 
diffusion region in said substrate, said extension region 
substantially aligned to said control electrode. 

12. The method of claim 11, further comprising imple- 
menting the dielectric region as an oxide layer. 

13. The method of claim 11, further comprising generat- 
ing said atomic or molecular fluorine from a plasma. 

14. The method of claim 13, further comprising imple- 
menting said plasma as at least one of nitrogen trifluoride, 
xenon difluoride or molecular fluorine. 

15. The method of claim 14, further comprising imple- 
menting said dielectric region as a oxide layer. 

16. A method of forming a semiconductor structure com- 
prising: 

providing at least two semiconductor structures, each of 
the at least two semiconductor structures having a 
silicon germanium element; 

laterally isolating said at least two semiconductor struc- 
tures with a dielectric region; and 

exposing said at least two semiconductor structures 
including said dielectric region to atomic fluorine or 
molecular fluorine to remove the silicon germanium 
element, the dielectric region having a resulting lower 
dielectric constant. 

17. The method of claim 16, wherein a first semiconductor 
structure and a second semiconductor structure of said at 
least two semiconductor structures are laterally adjacent 
iransistors. 



